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EFFECT OF NITROGEN, POTASSIUM, AND SULFUR DEFICIENCIES 
ON THE CONCENTRATION OF CHLOROGENIC ACIDS 
AND SCOPOLIN IN SUNFLOWER
CHAPTER I 
INTRODUCTION
The widespread occurrence o f  ch lorogen ic  acid  and scopo lin  has been 
rep o rted  in  a g rea t v a r ie ty  o f  p la n ts  (Sondheimer 1964, W inkler 1967). 
D espite t h i s ,  few q u a n t i ta t iv e  s tu d ie s  have been conducted invo lv ing  
changing environm ental c o n d itio n s .
Best (1944) rep o rted  on th e  accum ulation and d is t r ib u t io n  o f 
sco p o le tin  in  tobacco in fe c te d  w ith th e  sp o tted  tomato w ilt  v iru s . 
S copo le tin  and i t s  g lu co sid e , sco p o lin , have a lso  been rep o rted  to  
in c rease  s ig n if ic a n t ly  in  tobacco  and sunflow er tre a te d  with 2 ,4 - 
d ich lorophenoxyacetic  a c id  (2 ,4 -D ), (Dieterman e t  a l .  1964 a , b) and 
in  tobacco t r e a te d  w ith m ale ic  hydrazide (Winkler 1967). Koeppe e t  a l .  
(1969) found an in c re ase  in  sco p o lin  in  both tobacco and sunflow er when 
t r e a te d  w ith  increased  U. V. i n t e n s i t i e s .  E in h e llig  e t  a l .  (1970) 
found a s ig n if ic a n t  in c rease  in  sc o p o le tin  and scopo lin  when tobacco, 
sunflow er and pigweed seed lin g s  were t r e a te d  with sc o p o le tin . This 
suggested  a d ire c t  conversion o f  sco p o le tin  to  sco p o lin , w ith in  a p la n t .
2Since i t s  d e te c tio n  by Robiouet and Boutran in  1837, chlorogenic 
acid  has a t t r a c te d  continuous a t te n t io n  reg ard ing  i t s  p h y s io lo g ica l 
ro le s ,  b io sy n th e s is , t r a n s lo c a t io n ,  d is t r ib u t io n  and phy to to x ic  e f f e c t s .  
A d is t in c t  decreasing  g rad ien t o f  ch lorogen ic  ac id  was found from t i p  to  
base o f  tobacco le a f  which con tains 75% more ch lorogen ic  a c id  than stem  
and roo t t i s s u e  (Zucker and Ahrens 1958). Koeppe e t  a l .  (1970) rep o rted  
an in c rease  o f  ch lorogenic  ac id  w ith age in  leaves o f  sunflow er. Koeppe 
e t  a l .  (1969) found th a t  low U. V. i n t e n s i t i e s  in c re a se  ch lo rogen ic  acid  
concen tra tion  in  tobacco and sunflow er.
Q u an tita tiv e  s tu d ie s  o f e f fe c ts  o f m ineral d e f ic ie n c ie s  on pheno lic  
compounds have been lim ite d . Watanabe e t  a l .  (1961, 1964) rep o rted  a 
tw en ty -fo ld  in c rease  in  sco p o lin  in  boron d e f ic ie n t  tobacco and 
sunflow er. Chouteau and Loche (1961, 1965) found an in c re ase  in  
scopolin  and a decrease in  ch lo rogen ic  ac id  in  magnesium, calcium  and 
phosphorus d e f ic ie n t tobacco le av e s . However, in  n itro g e n  d e f ic ie n t 
tobacco leav es , they  found a s ig n i f ic a n t  in c re a se  in  ch lorogenic  a c id . 
Chlorogenic ac id  and sco p o lin  were found to  in c re a se  in  con cen tra tio n  
in  tobacco when t r e a te d  w ith vary ing  n itro g e n  f e r t i l i z e r s  (Tso e t a l .  
1967). Armstrong (1968) found pronounced in c rease s  in  ch lorogen ic  acid  
in  n itro g en  d e f ic ie n t tobacco leaves and s l ig h t  in c re a se s  in  scopolin  
in  potassium , magnesium and n itro g e n  d e f ic ie n t  tobacco  le av e s .
Since previous research  c le a r ly  showed th a t  v arious s t r e s s  
conditions a f fe c t  the  co n cen tra tio n  o f phenolics in  p la n t  t i s s u e ,  th i s  
study was i n i t i a t e d  to  in v e s t ig a te  m ineral d e fic ien cy  as a s t r e s s  
cond ition . T herefo re , experim ents were designed to  determ ine the 
e ffe c ts  o f n itro g en , potassium  and s u l f u r  d e f ic ie n c ie s  on the
3d is t r ib u t io n  and amounts of s c o p o lin , ch lorogenic  ac id  and i t s  isomers 
w ith in  the sunflow er p la n t  and th e  p o ss ib le  e f fe c ts  o f  age on pheno lic  
le v e ls .
CHAPTER I I
MATERIALS AND METHODS
Sunflow er seeds (He 1 ian thus annuus L. v a r . Russian Mammoth) were 
soaked fo r  24 hours in  d i s t i l l e d  w a te r  and were p la n te d  in  thoroughly 
leached q u a rtz  sand in  4-inch g lazed  p o ts .  Seed germ ination and 
subsequent growth were c a r r ie d  out in  a P e rc iv a l growth chamber (16 hour 
p h o to p erio d ; 8,000-10,000 lux; 28°C l ig h t  p e rio d  and 18°C d a rk ) .
Seven days a f t e r  germ ination se e d lin g s  were th in n ed  to  one p la n t 
p a r  p o t. The p o ts  were thoroughly  leached  w ith  d i s t i l l e d  w ater before  
tre a tm e n t w ith  n u tr ie n t  s o l u t i c i s .  C ontro l p la n ts  were watered w ith 
complete Fe-EDTA H oagland's n u tr ie n t  s o lu t io n  (Hoagland and Amon 1950) . 
E xperim ental p la n ts  were made d e f ic ie n t  in  n itro g e n , potassium  and 
s u l f u r  by w a te rin g  w ith  n u tr ie n t  s o lu t io n  made d e f ic ie n t  as suggested 
by Hoagland and Amon (1950) . The p o ts  were leached every seven days 
w ith  3,000 ml o f d i s t i l l e d  w ater.
A c o n tro l p la n t and a p la n t from each trea tm en t were h a rv ested  a t 
th e  end o f  1, 2, 3, 4, and 5 weeks. The experim ent was repeated  ten  
tim es so  th a t  te n  co n tro l p la n ts  and te n  d e f ic ie n t  p la n ts  were av a ilab le  
fo r  a n a ly s is  from each h a rv est tim e. Each p la n t  was sep ara ted  in to  old 
leaves (over 6 cm from apex to  base o f  b la d e ) ,  young leaves ( le s s  than 
6 cm from apex to  base o f  b la d e ) , stem  and th e  e n t i r e  ro o t system. A fte r 
re co rd in g  f re sh  w eights th e  t i s s u e s  were b o ile d  in  isopropy l azeotrope
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5(88% isop ropano l: 12% water) fo r  5 m inutes to  s to p  enzymatic a c t iv i ty .
The fix e d  p la n t t is s u e  was ground in  a  b len d er and ex trac ted  by the  
procedure used by Wilson e t  a l .  (1968) . This method co n sis ted  o f 
washing th e  p la n t t is s u e  w ith  approxim ately  four tim es (ml) i t s  fresh  
weight w ith b o il in g  iso p ro p y l-w a te r (1 :1 , v /v ) , fiv e  tim es i t s  fresh  
weight w ith IBMW (isopropanol-benzene-m ethanol-w ater; 2 :1 :1 :1 , v /v ) , 
and four tim es i t s  fresh  w eight w ith b o i l in g  isopropyl azeo trope. The 
re s id u e  was p laced  in  a Soxhlet e x t r a c to r  fo r  a 24 hour e x tra c tio n  w ith 
isop ropy l azeotrope and then  fo r  an o th er 24 hours with isopropano l.
The f ix in g  so lu tio n s  and e x tra c ts  were combined and evaporated  to  dryness 
in  vacuo. The res id u e  was d isso lv ed  in  IBMW, th e  f in a l volume (ml) 
being  approxim ately th re e  tim es the  f r e s h  weight in  grams o f  the 
h a rv ested  p la n t m a te ria l.
Scopolin  (the  7-g lucoside o f s c o p o le t in ) , ch lorogenic acid  (3-0- 
c a ffeo y lq u in ic  a c id ) , band-510 (4 -0 -c a ffe o y lq u in ic  a c id ) , and 
neochlorogenic acid  (S -O -caffeo y lq u in ic  acid) were q u a n tita te d  u t i l i z in g  
one dim ensional descending paper dirom atography. An a liq u o t of the  
sample e x tra c t  was s treak ed  along a 15 cm lin e  on Whatman #1 paper 
(23 X 57 cm) p rev iously  washed w ith 5% methanol fo r  20 h o u rs . The 
chromatograms were developed w ith KFW (methyl iso b u ty l ketone: formic 
ac id : w ater, 14 :3 :2 , v/v) in  g la ss  cabs fo r  20 hours. A fte r drying four 
d i s t in c t  flu o rescen t bands were observed under U. V. l ig h t .
The flu o rescen t bands were cut ou t and e lu te d  w ith 5% methanol fo r 
18 hou rs . The e lu a te s  were brought to  known volume with 5% methanol and 
read  p h o to m etrica lly  ag a in s t a blank which was e lu te d  from paper run 
through id e n t ic a l  p rocedures. Chlorogenic acids were read  a t  a wave­
leng th  o f  324 mji on a  Beckman DB-G spectrophotom eter. Scopolin was read
6w ith  a Model 110 Turner fluorom eter using  pyrex cu rv e ttes  and a high 
s e n s i t iv i ty  attachm ent a t  an instrum ent s e t t in g  o f  IX. A prim ary f i l t e r  
#7-60 and a secondary f i l t e r  #2A plus #48 (Kodak W ratten f i l t e r )  were 
u t i l i z e d .
S tandard  re fe ren ce  curves (F ig . 1, 2) were prepared by carry ing  
known q u a n t i t ie s  o f a u th en tic  compounds through th e  same chromatographic 
p rocedu re . The s tan d ard  re fe ren ce  curve fo r ch lorogenic  ac id  was 
u t i l i z e d  fo r  the  q u a n tita tio n  o f  a l l  th re e  isom ers, s ince  t h e i r  m olecular 
e x tin c t io n  c o e f f ic ie n ts  and absorp tion  s p e c tra  a re  assumed to  be the  
same (Zucker, N itsch  and N itsch 1965).
Recovery o f ch lorogenic ac id  was 57% based on purissimum grade 
compound from Fluka AG, Bucks, Sw itzerland . Scopolin  syn thesized  in  
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F ig . 1. R elationship  o f o p tic a l d e n s ity  and ch lo rogen ic  acid  
















F ig . 2. R e la tio n sh ip  o f  r e la t iv e  fluo rescence  and scopolin  
co n cen tra tio n  on th e  Model 110 Turner flu o ro m eter.
CHAPTER I I I
RESULTS
C oncentrations o f  ch lo rogen ic  ac id  and neoch lo rogen ic  a c id  in  
co n tro l p la n ts  in c reased  w ith  age in  leaves throughout th e  experim ental 
p e rio d  (Table 1 , 3) and a lso  in  the  ro o ts  and stems up to  the  th i r d  or 
fou rth  week b u t g en e ra lly  decreased a f t e r  th a t .  Band-510 in c reased  w ith 
age in  young c o n tro l leaves and in  o ld  co n tro l leaves and ro o ts  up to  
the  fo u rth  week o f  tre a tm e n t a f t e r  which i t  decreased  (Table 2] . The 
amount was e r r a t i c  from week to  week in  th e  stems and no tre n d  was 
e v id en t. The sco p o lin  co n cen tra tio n  in  co n tro l p la n ts  in c re a se d  w ith 
age in  o ld  le av e s , remained r a th e r  s ta b le  in  stems a f t e r  the  f i r s t  week, 
and was no t p re se n t in  m easurable amounts in  young leaves and ro o ts  
(Table 4 ) .
Severe s tu n tin g  and c h lo ro s is  o f  th e  more mature leaves were 
ev iden t in  n itro g en  d e f ic ie n t  p la n ts  a f t e r  th e  f i r s t  week o f trea tm en t. 
Young leaves o f  th e  n itro g e n  d e f ic ie n t  p la n ts  remained green u n t i l  the 
fourth  week o f  tre a tm e n t, yellow ing (c h lo ro s is )  by th e  end o f  the  f i f t h  
week. L i t t l e  growth occurred  in  n itro g en  d e f ic ie n t  p la n ts  a f t e r  the  
f i r s t  week o f  tre a tm e n t. A m ottled  c h lo ro s is  and s l ig h t  s tu n tin g  
developed in  potassium  d e f ic ie n t  p la n ts  a f t e r  the  f i r s t  week o f  trea tm en t. 
N eocrotic areas developed a t  th e  t ip s  and margins o f  leaves and a 
"cupping under" was ev id en t in  potassium  d e f ic ie n t  p la n ts  a f t e r  th ree
9
10
weeks o f  tre a tm e n t. A s l ig h t  ch lo ro s is  o f  th e  young leaves and s tu n tin g  
e f f e c t  was ev id en t in  s u lfu r  d e f ic ie n t p la n ts  a f t e r  th e  f i f t h  week o f 
tre a tm e n t.
E ffe c ts  o f  M ineral D efic ienc ies  on Chlorogenic Acids
C oncen tra tion  o f ch lorogenic acid  was s ig n if ic a n t ly  h ig h e r in  the  
o ld  potassium  d e f ic ie n t  leaves than in  a p p ro p ria te  co n tro l leaves u n t i l  
th e  fo u rth  week (Table 1 ). A fte r a peak at the  th i r d  week o f  trea tm en t 
th e  co n cen tra tio n  decreased u n t i l  le s s  ch lo rogen ic  ac id  was p re sen t than  
in  o ld  c o n tro l leaves a f te r  f iv e  weeks. In n itro g en  d e f ic ie n t  p la n ts  the  
co n cen tra tio n  o f ch lorogenic  ac id  in  o ld  leaves was over te n  tim es as 
high as in  th e  ap p ro p ria te  c o n tro ls  each week (Table 1) . The amount o f 
ch lo rogen ic  a c id  in  s u lfu r  d e f ic ie n t  o ld  leaves was s ig n i f ic a n t ly  h ig h e r 
than  in  a p p ro p ria te  co n tro l leaves d u ring  each week o f  trea tm en t except 
th e  f i r s t  (Table 1 ]. Band-510 and neochlorogenic  acid  were g en era lly  
s ig n i f ic a n t ly  h ig h e r each week in  s u l f u r  and n itro g en  d e f ic ie n t  old  
leaves than  in  ap p ro p ria te  co n tro ls  (Table 2 ,  3) . In s u l f u r  d e f ic ie n t  
o ld  leaves band-510 and neochlorogenic a c id  in c reased  in  co n cen tra tio n  
w ith  ageing o f  th e  p la n t (Table 2, 3 ) . Potassium  d e fic ien cy  had l i t t l e  
e f f e c t  on th e  con cen tra tio n  o f  band-510 and neochlorogenic  ac id  in  o ld  
leaves during  most weeks.
Chlorogenic ac id  con cen tra tio n  in  young n itro g en  d e f ic ie n t  leaves 
remained s ta b le  a f t e r  th e  th i r d  week o f  trea tm en t and was s ig n if ic a n t ly  
lower in  co n cen tra tio n  than  corresponding co n tro l leaves during  the  
second and f i f t h  week of trea tm en t (Table 1 ) . Potassium  and s u lfu r  
d e f ic ie n t  young leaves g en era lly  had s ig n if ic a n t ly  h ig h e r co n cen tra tions 
o f  ch lo rogen ic  a c id  than th e  co n tro ls  each week except th e  f i r s t
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Table 1. E ffe c t o f  m ineral d e fic ien c ie s  on concen tra tion  o f ch lorogen ic  
ac id  in  sunflow er. Each f ig u re  rep resen ts  mean o f  10 p la n ts .
pg chlorogenic a c id /g  fre sh  w t. 
Weeks o f  trea tm en t
Treatment 1 2 3 4 5
Control
Old Leaves 132 235 317 255 727
Young Leaves b 435 525 611 1275
Stems 137 129 283 295 249
Roots 35 85 109 372 208
Cotyledons 585 183 b b b
Potassium
Old Leaves 403& 639% 1757% 1365% 576
Young Leaves b 572% 1466% 899 1689%
Stems 500& 289% 360 517 763%
Roots 33 116 97 129% 85%
Cotyledons 653 b b b b
N itrogen
Old Leaves 1541% 2931% 3321& 2624* 7492*
Young Leaves b b 783 721 789%
Stems 418% 1993& 1507% 1286* 2811%
Roots 27 351% 104 267 367%




}ig  chlorogeni 
Weeks
c a c id /g  fre sh  wt. 
o f  trea tm en t
1 2 3 4 5
S u lfu r
Old Leaves 196 1000& 879& 1374* 3259*
Young Leaves b 1494& 2269% 1497* 3355*
Stems 353 401& 506* 520* 917*
Roots 15 215 a 147 128* 297*
Cotyledons 447 b b b b
^ Amount d i f f e r s  s ig n i f ic a n t ly  from appropria te  c o n tro l a t  5% le v e l 
o r b e t t e r .
^ Below amounts determ inab le  by procedure used.
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Table 2. E ffec t o f  m inera l d e f ic ie n c ie s  on co n cen tra tio n  o f 4 -0 -ca f-  
feo y lq u in ic  a c id  (band-510) in  sunflow er. Each f ig u re  rep resen ts  
mean of 10 p la n ts .
j ig  4 -0 -ca ffe o y lq u in ic  a c id /g  fresh  w t. 
Weeks o f trea tm en t
Treatm ent 1 2 3 4 !
Control
Old Leaves 88 34 133 195 189
Young Leaves b 244 237 222 379
Stems 40 48 51 33 52
Roots b 24 29 160 48
Cotyledons 291 79 b b b
Potassium
Old Leaves 89 92^ 162 220 169
Young Leaves b 247 187 219 171%
Stems 9 116 51 271* 350*
Roots b 1% 28 41* 46
Cotyledons b b b b b
N itrogen
Old Leaves 340% 788* 899& 398* 874*
Young Leaves b 1* 75 510* b *
Stems 15 219% 426* 400& 262*
Roots b 39 1^ 60^ 42
Cotyledons 267 b b b b
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(T ab le  2 . C ontinued)
Treatm ent
pg 4-0 -c a ffe o y lq u in ic  a c id /g  f re s h  w t. 
Weeks o f trea tm en t
1 2 3 4 5
S u lfu r
Old Leaves 36^ 116* 312* 343 562*
Young Leaves b 91* 293 341* 543*
Stems 20 27 40 155* 141*
Roots b 38 45 57* 69*
Cotyledons b b b b b
^ Amount d i f f e r s  s i g n i f i c a n t l y  from  a p p r o p r ia t e  c o n t r o l  a t  5% le v e l
o r  b e t t e r .
^ Below amounts d e te rm in a b le  by  p ro c e d u re  u s e d .
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Table 3. E ffe c t o f  m ineral d e f ic ie n c ie s  on con cen tra tio n  o f neoch lo ro ­
genic ac id  in  sunflow er. Each f ig u re  re p re se n ts  mean o f  10 p la n ts .
jag neochlorogenic a c id /g  fre sh  w t. 
Weeks o f Treatment
Treatm ent 1 2  3 4 5
Control
Old Leaves 86 45 144 186 223
Young Leaves b 36 39 70 83
Stems 32 56 67 62 82
Roots b 27 53 62 47
Cotyledons 317 b b b b
Potassium
Old Leaves 33 96 106 211 87*
Young Leaves b 26 214* 275* 141*
Stems 13 138 41 335* 345*
Roots b 1% 12* 36* 47
Cotyledons b a b b b b
Nitrogen
Old Leaves 363& 658* 481* 186 518*
Young Leaves b 1 1* 407* 84
Stems 64 287* 433* 326* 202*
Roots b 119* b * 56 81
Cotyledons 314 b b b b
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(T a b le  3 . C ontinued)
Treatment
pg neochlorogenic ac id /g  f re s h  wt 
Weeks o f Treatment
1 2 3 4 5
S u lfu r
Old Leaves 42^ 114“ 219& 265 578 *
Young Leaves b 54 257% 2 5 9 a 374*
Stems 47 35 11^ 170& 1 3 4 a
Roots b 48 36 a 63 9ga
Cotyledons b a b b b b
^ Amount d i f f e r s  s i g n i f i c a n t l y  from  a p p ro p r ia te  c o n tro l  a t  5% l e v e l
o r  b e t t e r .
^ Below am ounts d e te rm in a b le  by  p ro c e d u re  u se d .
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Table 4. E ffec t o f  m ineral d e f ic ie n c ie s  on concen tra tion  of sco p o lin  in  
sunflow er. Each f ig u re  re p re se n ts  mean o f  10 p la n ts .
pg sco p o lin /g fresh  w t. 
Weeks o f  trea tm en t
Treatment 1 2 3 4 5
Control
Old Leaves .1 .8 .8 2.7 7.2
Young Leaves b b b b b
Stems b 1.9 1.6 1.8 1.8
Roots b b b b b
Cotyledons b b b b b
Potassium
Old Leaves .1 .7 16.1% 31 .4& 16.5%
Young Leaves b b .2 1.3 1.1
Stems b .1 5.1% 1 7 .3& 2.1
Roots b b b b b
Cotyledons b b b b b
N itrogen
Old Leaves b .4 .9 2.5 6 .4
Young Leaves b b b b b
Stems b b b b b
Roots b b , b b b
Cotyledons b b b b b
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(T ab le  4 , C on tinued )
Treatment
p g  s c o p o lin /g fre sh  wt. 
Weeks o f  trea tm en t
1 2 3 4 5
S u lfu r
Old Leaves b 2.S* 4.2& 3.7 7.7
Young Leaves b b .3 b b
Stems b 6.7% 3.3 1.5 .6
Roots b b b b 1.8
Cotyledons b b b b b
^ Amount d i f f e r s  s i g n i f i c a n t l y  from  a p p ro p r ia te  c o n t r o l  a t  5% l e v e l
o r  b e t t e r .
^  Below amounts d e te rm in a b le  by  p ro c e d u re  u s e d .
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(Table 1). Band-510 and n eo d ilo ro g en ic  ac id  co n cen tra tio n  in c re ase d  in  
s u lfu r  d e f ic ie n t  young leaves w ith  in c re a s in g  age o f th e  p la n t  and th e  
concen tra tions were s ig n i f ic a n t ly  h ig h e r gen era lly  than  in  ap p ro p ria te  
co n tro ls  a f t e r  th re e  weeks o f  tre a tm en t (Table 2 , 3 ). The amount o f  
neochlorogenic a c id  in c reased  in  potassium  d e f ic ie n t young leaves up to  
the  fo u rth  week and then  decreased  (Table 3 ]. The co n cen tra tio n  was 
c o n s is te n tly  s ig n i f ic a n t ly  g re a te r  th an  in  ap p ro p ria te  c o n tro ls  a f t e r  
th re e  weeks o f  tre a tm e n t. Potassium  d e fic ien cy  had l i t t l e  e f f e c t  on th e  
concen tra tion  o f  band-510 in  young leaves except during  th e  f i f t h  week 
of trea tm en t a t  which tim e th e  c o n cen tra tio n  was s ig n i f ic a n t ly  reduced . 
The e f fe c ts  o f  n itro g e n  d e fic ien c y  on th e  neochlorogenic a c id  and band- 
510 co n cen tra tio n s  in  young leaves were e r r a t i c  (Table 2, 3 ) .
The cotyledons d ried  up and ab sc issed  by th e  end o f th e  th i r d  week 
o f  trea tm en t in  a l l  p la n ts .  C oncentra tions o f ch lo rogen ic  a c id  in  
c o n tro l, po tassium  and s u l f u r  d e f ic ie n t  cotyledons were g e n e ra lly  
s im ila r  (Table 1 ). A s ig n i f ic a n t ly  h ig h e r  con cen tra tio n  o f ch lo ro g en ic  
ac id  occurred in  th e  n itro g e n  d e f ic ie n t  cotyledons a f t e r  one week o f 
trea tm en t (Table 1 ). Band-510 and neochlorogenic  a c id  occurred  in  
r a th e r  high amounts in  th e  c o n tro l cotyledons during the  f i r s t  two weeks 
o f  the  experim ent and in  n itro g e n  d e f ic ie n t  cotyledons a f t e r  one week o f  
trea tm en t. They were n o t p re se n t in  measurable amounts in  any o th e r 
cases (Table 2, 3 ).
Chlorogenic acid  in c reased  in  th e  stems o f  s u l f u r  d e f ic ie n t  p la n ts  
w ith in c re a s in g  d u ra tio n  o f  trea tm en t (Table 1) . The co n cen tra tio n s  o f  
ch lorogenic ac id  in  n itro g e n , potassium  and s u lfu r  d e f ic ie n t  stem s were 
g en era lly  s ig n i f ic a n t ly  h ig h e r  each week than in  ap p ro p ria te  c o n tro ls  
(Table 1). Band-510 and neochlorogenic  a c id  were s ig n i f ic a n t ly  h ig h e r
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in  th e  stems in  a l l  d e fic ien cy  experim ents during the  l a s t  two weeks o f  
tre a tm en t than in  corresponding co n tro ls  (Table 2, 3 ). The stems o f  
n itro g en  d e f ic ie n t  p la n ts  had s ig n if ic a n t ly  h ig h er amounts o f  these  
conpounds during  the  second and th i r d  week o f  trea tm en t a ls o .
C oncentrations o f ch lo rogen ic  a c id , band-510 and neochlorogenic  
ac id  were g en e ra lly  h ig h e r each week in  s u lfu r  d e f ic ie n t ro o ts  and lower 
in  potassium  d e f ic ie n t  ro o ts  th an  in  ap p ro p ria te  con tro ls  (Table 1, 2 , 3) 
The co n cen tra tio n s  o f th e se  compounds were extrem ely v a r ia b le  from week 
to  week in  n itro g e n  d e f ic ie n t ro o ts .
E ffe c t o f  M ineral D efic ien c ie s  on Scopolin
Scopolin co n cen tra tio n s  were g en e ra lly  n o t s ig n if ic a n t ly  d i f f e r e n t  
in  n itro g en  and s u lfu r  d e f ic ie n t  leaves than  in  app ro p ria te  co n tro ls  
(Table 4) . There was a s ig n i f ic a n t  in c rease  in  s u lfu r  d e f ic ie n t  o ld  
leaves in  th e  second and th i r d  weeks o f  trea tm en t (Table 4 ) .  Potassium  
d e f ic ie n t  leaves had s ig n i f ic a n t ly  h ig h e r sco po lin  con cen tra tio n  during  
th e  l a s t  th ree  weeks o f tre a tm e n t. In  fa c t  th e  young leaves o f 
potassium  d e f ic ie n t  p la n ts  were th e  only young leaves with m easurable 
amounts o f  sco p o lin . Scopolin  in  s u l f u r  d e f ic ie n t  stems decreased  in  
co n cen tra tio n  w ith  age b u t th e  co n cen tra tio n  was s ig n if ic a n t ly  d i f f e r e n t  
from th e  ap p ro p ria te  co n tro l co n cen tra tio n  during only th e  second week 
o f  trea tm en t (Table 4 ) . The co n cen tra tio n s  o f  scopolin  in  potassium  
d e f ic ie n t  leaves d if fe re d  s ig n if ic a n t ly  from appropria te  c o n tro ls  only 
during  the  t h i r d  and fo u rth  week o f trea tm en t a t  which time they  were 
h ig h e r (Table 4 ) . C oncentrations o f  sco p o lin  were reduced in  n itro g en  
d e f ic ie n t  stems and were not p re se n t in  amounts which were d e tec ta b le  
w ith  th e  methods employed. The co n cen tra tio n s  o f scopo lin  in  ro o ts  and
2 1
cotyledons o f  co n tro ls  and m ineral d e f ic ie n t  p la n ts  were below amounts 
determ inable by procedures used.
R ela tionsh ip  o f  Phenolic  C oncen tra tion  to  Appearance 
o f  D eficiency Symptoms 
In g en e ra l, pronounced changes in  co n cen tra tio n s  o f  the  measured 
p h en o lics  appeared a t  about the  same tim e as marked defic iency  symptoms 
except fo r  s u l f u r  d e fic ien cy . In th e  s u l f u r  d e f ic ie n t  p la n ts ,  s ize a b le  
changes in  p h eno lic  concen tra tions occurred  considerab ly  befo re  
pronounced d e fic ien cy  symptoms appeared.
CHAPTER IV
DISCUSSION
E ffe c ts  o f Age
The co ncen tra tion  o f  ch lorogenic  a c id , 4 -0 -ca ffe o y lq u in ic  and 
neoch lorogen ic  ac id  in c reased  w ith age in  th e  le a f  t is s u e  o f  H elianthus 
annuus. This agrees w ith th e  work o f  Koeppe e t  a l .  (1970). These 
fin d in g s  d i f f e r  from those  observed in  tobacco (Koeppe e t  a l ,  1970, 
Armstrong 1968, Zucker and Ahrens 1958, Shiroya e t  a l, 1955), Coffea 
a ra b ia  (El-Hamidi and Wanner 1964), co tto n  (Morgan 1964) and in  Theobroma 
cacao (G r i f f i th s  1958).
Morgan (1964) rep o rted  th a t  the  amount o f  ch lorogenic  ac id  w ith in  a 
l e a f  may in c rease  w ith age b u t remain lower in  co n cen tra tio n  than in  a 
young l e a f  on th e  same p la n t .  Zucker and Ahren (1958) suggested  th a t  
t h i s  i s  r e la te d  to  the  d is ta n c e  from the  m eristem atic  reg io n . The 
r e s u l t s  o f  th is  in v e s t ig a tio n  support th ese  find ings because pronounced 
in c re ase s  in  chlorogenic ac id  co n cen tra tio n  w ith age were in d ic a te d  in  
th e  young leaves compared w ith  concen tra tions in  o ld  le a f  t i s s u e .
B asip e ta l decreases in  ch lorogenic acid  concen tra tions have been 
observed in  se v e ra l d if f e r e n t  p la n ts  in c lu d in g  sunflow er (Koeppe e t  a l .  
1970), peas (G alston 1957), Coffea a rab ica  (El-Hamidi and Wanner 1964), 
co tto n  (Morgan 1964), tobacco (Koeppe e t  a l .  1969, Armstrong 1968).
Morgan (1964) found th a t th e  b a s ip e ta l  decrease in  ch lorogenic  ac id  was
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c o rre la te d  w ith  an in c rease  in  lAA oxidase a c t i v i ty  in  co tto n . B as ip e ta l 
in c rease s  in  IM  oxidase a c t iv i ty  have a lso  been rep o rted  in  pea stems 
(G alston and Dalberg 1954), in  tobacco stems (K e rs te t te r  and K e itt 1966) 
and are suggested  to  occur in  tobacco and sunflow er stems (Koeppe, 
Rohrbaugh and Wender 1969, Koeppe, Rohrbaugh, Rice and Mender 1970). 
Leopold (1964) rep o rted  th a t lAA co n cen tra tio n s  g en era lly  decrease 
b a s ip e ta l ly .  S c o tt and Briggs (1960) rep o rted  a s im ila r  decrease in  pea 
stem s. The decreasin g  co n cen tra tio n  w ith  p o s i t io n  of ch lorogenic ac id  
found in  th e  sunflow er p la n ts  o f  th is  experim ent corresponds to  the  
p a t te rn  observed by e a r l i e r  w orkers.
I t  has g e n e ra lly  been p o s tu la te d  th a t  ch lo rogen ic  ac id  and o th e r 
polyphenols have a s y n e rg is t ic  e f f e c t  on lAA a c t iv i ty ,  perhaps ac tin g  to  
suppress lAA oxidase (Rabin and K lein 1957, Tomaszewski and Thimann 1966, 
T ay lor and Zucker 1966). S ta ffo rd  (1965, 1967), T ay lo r (1968) and T ay lo r 
and Zucker (1966) suggested  th a t  f e r u l ic  and ch lo rogen ic  acids could be 
a ffe c te d  by age and may be involved  in  l ig n in  s y n th e s is .
Levy and Zucker (1960) found th a t  randomly lab e led  glucose-C^^ 
re s u l te d  in  th e  form ation o f a ch lo rogen ic  a c id  molecule w ith a c t iv i ty  
in  both c a f f e ic  and q u in ic  a c id . They suggested  th e  occurrence o f  a 
cinnamy 1 -q u in ic -a c id  e s te r  follow ed by h y d ro x y la tio n  to  coumaryl e s te r  
a c id  and enzym atic conversion to  ch lo rogen ic  a c id . Steck (1967) 
suggested  a b io s y n th e tic  pathway from ph en y la lan in e  in vo lv ing  c a f fe ic ,  
f e r u l ic  and g lu c o s id o fe ru lic  acid  in to  sco p o lin  through an e s te r  o f  
f e r u l ic  g lu co sid e . He a lso  im plied  th a t  sco p o lin  may be produced as a 
m etabo lic  end p roduct when f ib e r  p ro d uction  i s  in h ib i te d . Gamborg (1967) 
found th a t  q u in ic  acid  and c a f fe ic  a c id  served  as a d ir e c t  p recu rso r o f  
ch lorogenic  a c id  in  p o ta to  c e l l s .  He p o s tu la te d  a m etabolic  pathway
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invo lv ing  th e  conversion o f  sh ik im ic  acid  to  ch lorogen ic  acid  through 
pheny lalan ine  and the  e s t é r i f i c a t io n  o f  c a f fe ic  w ith  q u in ic  a c id . He 
a lso  suggested  th e  in co rp o ra tio n  o f  arom atic compounds in to  lig n in  
sy n th e s is . T ay lo r (1968) u s in g  ^^C0 2  rep o rted  ch lo rogen ic  ac id  was 
converted in to  in so lu b le  polymers and presumed th e se  to  be l ig n in .  I t  
is  g en e ra lly  im plied th a t  th e  co n cen tra tio n  o f  p recu rso rs  may be a l te re d  
by an in c reased  sy n th es is  o f  ch lo rogen ic  a c id , sco p o lin , s c o p o le tin  or 
l ig n in . The ra p id  removal o f  th e se  p recu rso rs  from the  pathway could 
a l t e r  th e  p roduction  o f o th e r  p h en o lic s .
Koeppe e t  a l .  (1970) suggested  th a t  sco p o lin  accum ulation in  the  
leaves o f  tobacco may be a r e s u l t  o f  ap ica l t r a n s lo c a t io n .  The in c re a se  
in  co n cen tra tio n  o f sco p o lin  w ith age in  th e  o ld  leaves may be due in  
p a r t to  t r a n s lo c a t io n  from th e  stem , o r as im plied  by Steck (1967) may 
r e s u l t  from an in h ib i t io n  o f  f ib e r  p ro d u c tio n .
E ffec t o f  M ineral D efic ien c ie s
Chouteau and Loche (1965) re p o rte d  th a t  co n cen tra tions o f 
ch lorogenic  a c id  in  tobacco leaves in c reased  w ith  decreasing  le v e ls  o f  
n itro g en  w hile in  potassium  d e f ic ie n t  p la n ts  th e  con cen tra tio n  o f 
ch lorogenic  a c id  decreased . Tso e t  a l .  (1967) s tu d ie d  four v a r ie t ie s  o f 
f lu e -c u re d  and a ir-c u re d  tobacco leaves a t  various le v e ls  o f  n itro g en  
f e r t i l i z a t i o n s .  They rep o rted  a d i r e c t  r e la t io n s h ip  between th e  le v e ls  
o f  n itro g en  f e r t i l i z a t i o n  and co n cen tra tio n  o f  ch lorogen ic  ac id  and 
scopo lin  in  th re e  o f the  v a r ie t i e s  w ith  an in v e rse  re la tio n s h ip  in  the  
fo u rth  v a r ie ty .
Armstrong (1968) found a pronounced in c re a se  in  ch lorogenic  acid  
co n cen tra tio n  in  n itro g en  d e f ic ie n t  tobacco leaves and a  decrease in
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potassium  d e f ic ie n t  leaves only when exposed to  le s s  th an  1300 f t  c of 
l ig h t .  He a lso  rep o rted  an in c rease  in  scopo lin  co n cen tra tio n  in  n itro g en  
and potassium  d e f ic ie n t  tobacco le av es . The s ig n if ic a n t  in c reases  in  
co n cen tra tio n  o f ch lo rogen ic  ac id  in  n itro g en  d e f ic ie n t  o ld  leaves and 
s ig n if ic a n t  decrease in  potassium  d e f ic ie n t  old leaves by the end o f  the  
f i f t h  week o f  trea tm en t g e n e ra lly  support th e  find ings o f  Chouteau and 
Loche [1965) and Armstrong (1968). The in c rease  in  sco p o lin  concen­
t r a t io n  w ith  age in  th e  n itro g e n  and potassium  d e f ic ie n t  old leaves 
supports th e  find ings o f Armstrong [1968).
The co n cen tra tio n  in  o ld  leaves o f ch lorogenic  ac id  was s i g n i f i ­
can tly  h ig h e r  in  n itro g en  d e f ic ie n t  p la n ts  th an  in  co n tro ls  and was 
tw ice as h igh as in  s u l f u r  d e f ic ie n t  p la n ts .  Also in  n itro g en  d e f ic ie n t  
p la n ts  one would expect th e  lev e l o f  lAA to  be low s in ce  both lAA and 
the  enzyme system re sp o n sib le  fo r  i t s  sy n th es is  co n ta in  n itro g e n . Rabin 
and K lein [1957) and Henderson and N itsch  [1962) re p o rte d  th a t ch lo ro ­
genic a c id  has a s y n e r g is t ic  e f f e c t  on lAA o r  tryp tophan  sy n th e s is . All 
ch lo rogen ic  acids in h ib i t  lAA oxidase thus p rev en tin g  breakdown o f lAA 
[Sondheimer 1962) . Thus a  change in  the  con ten t o f ch lo rogen ic  ac id  and 
i t s  isom ers may in flu en ce  th e  auxin le v e l in  th e  p la n t .  S ieg e l e t  a l .  
[I960) in d ic a te d  th a t  o rgan ic  n itro g e n  compounds in c lu d in g  lAA in h ib i t  
lig n in  s y n th e s is . Thus th e  low co n cen tra tio n s  o f  o rg an ic  n itrogenous 
compounds in  n itro g en  d e f ic ie n t  p la n ts  could s tim u la te  lig n in  sy n th e s is . 
Since i t  was observed th a t  n itro g en  d e f ic ie n t  stems were most d i f f i c u l t  
to  g rin d , t h i s  could be  due to  an in c re ase  i n  l ig n in .  T ay lor [1968) 
suggested  a lso  th a t  ch lo rogen ic  ac id  may serve  as a p re c u rso r o f  lig n in  
and thus th e  la rg e  q u a n t i t ie s  o f ch lorogen ic  acids in  some m ineral 
d e f ic ie n t  p la n ts  could s tim u la te  l ig n i f ic a t io n .
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The s ig n if ic a n t  in c rease  in  ch lo rogen ic  acid  u n t i l  th e  fou rth  week 
o f  trea tm en t in  potassium  d e f ic ie n t  o ld  leaves w ith  accompanying 
in c reases  in  scopo lin  co n ce n tra tio n s , followed by a s ig n if ic a n t  decrease 
in  both by th e  f i f t h  week, could be due to  sev e ra l f a c to r s ,  Chlorogenic 
acid  may m igrate out o f  th e  l e a f ,  though ac tiv e  m ig ra tio n  i s  not l ik e ly  
except in  th e  p recu rso r form (T aylor and Zucker 1966). There may be a 
decrease in  sy n th es is  an d /o r an a c c e le ra te d  d e s tru c tio n  o f  chlorogenic 
a c id , due to  th e  a c tiv a tio n  o f  an enzyme system which m etabolizes ch lo ro ­
genic a c id . A decrease in  p recu rso rs  could r e s u l t  in  decreased  ch lo ro ­
genic ac id  concen tra tions in  o ld  le a v e s . Zucker e t  a l .  (1965) in d ic a ted  
th a t  ch lorogenic  acid  i s  e a s i ly  m etabolized  and has a r e la t iv e ly  ra p id  
tu rn o v e r r a te  in  the  l iv in g  le a f .  S ince potassium  i s  e s s e n t ia l  as an 
a c t iv a to r  fo r  enzymes involved  in  th e  sy n th es is  o f p e p tid e  bonds (Nason 
and McElroy 1963), in c reased  co n cen tra tio n s  o f  ch lo rogen ic  acid  in  
potassium  d e f ic ie n t p la n ts  may be a t t r ib u te d  to  lack  o f  a c t iv a tio n  o f 
enzymes which breakdown ch lo ro g en ic  a c id  o r enzymes which reduce n i t r a t e s .  
An imbalance o f  potassium  a lso  a l t e r s  th e  uptake o f  n itro g e n . The 
in c rease  in  scopo lin  co n cen tra tio n  may be caused by an accum ulation o f  
c a f fe ic  o r f e r u l ic  ac id  o r  as p re v io u s ly  m entioned, t ra n s lo c a tio n  from 
th e  stem  to  th e  leav es , o r  may be an end product from th e  in h ib i t io n  o f  
f ib e r  p ro d u c tio n .
The s ig n if ic a n t  accum ulation o f  ch lo rogen ic  ac id  w ith  age in  the  
s u l fu r  d e f ic ie n t  p la n t could be due to  an induced n itro g e n  defic ien cy . 
McKee (1962) rep o rted  th a t  b e fo re  n i t r a t e s  can be u t i l i z e d  by the  p la n t 
in  th e  sy n th es is  o f p ro te in  and o th e r  o rgan ic  n itro g en  compounds they 
must be reduced through a  m etabo lic  p ro c e ss . Eaton (1941) rep o rted  an
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accum ulation o f  n i t r a te s  and carbohydrates in  s u l f u r  d e f ic ie n t  sunflower 
p la n ts .  He suggested th a t  th is  was due to  low n itro g e n  a ss im ila tio n  
r e s u l t in g  from a low n i t r a t e  reductase  content o f  th e  p la n t .
Increases o f  phenolic  compounds in  n itro g en  d e f ic ie n t  p la n ts  are 
considered  im portan t in  th e  re s is ta n c e  o f  h ig h e r p la n ts  to  pathogen 
in fe c tio n s . Kuc e t  a l .  (1956) repo rted  th a t  both  ch lo rogen ic  acid and 
c a f fe ic  acid  in c reased  in  p o ta to  t is su e s  in  response to  in o c u la tio n  with 
pathogens. U rita n i and Muramatsu (1953) found th a t  sweet p o ta to  
produced more ch lorogenic  ac id , s c o p o le tin  and o th e r  coumarins a f te r  
in o c u la tio n  w ith  various pathogens. However, Johnson and S chall (1957) 
showed th a t  although chlorogenic ac id  in c reased  in  t i s s u e  in fe c ted  with 
a v iru s  which causes "net n e c ro s is " , a s im ila r  in c re a se  was observed in 
u n in fec ted  cut s l i c e s ,  bu t the amounts o f  u n id e n tif ie d  phenols d iffe red . 
U rita n i and Muramatsu (1953) found th a t  sc o p o le tin  and c e r ta in  o ther 
u n id e n tif ie d  p h en o lic  compounds from sweet p o ta to  have a much g re a te r  
fu n g is ta t ic  e f f e c t  than chlorogenic acid  and suggested  th a t  they  may 
p lay  a ro le  in  re s is ta n c e . K iraly (1962) found th a t  in c reased  suscep­
t i b i l i t y  was due to  a decrease in  phenol co n ten t, and rep o rted  th a t 
a p p lic a tio n  o f  NH4 NO3  a t th e  ra te  o f  280 lb /a c re  decreased  th e  phenol 
con ten t o f h e a lth y  p la n ts  60-70%, in d ic a tin g  th a t  low le v e ls  o f n itrogen  
f e r t i l i z a t i o n  enhanced wheat ^^ust r e s is ta n c e .  K ira ly  and Park as (1962) 
re p o rte d  th a t  r u s t - in f e c te d  wheat t i s s u e  accum ulated p h en o lic  compounds 
and th e  i n i t i a l  speed o f phenol accumulation was g re a te r  in  th e  r e s is ta n t  
com binations.
In ad d itio n  to  the  p h y sio lo g ica l ro le s  m entioned, sco p o lin , chloro­
genic a c id  and i t s  isomers and o th e r phenols have been rep o rted  as having 
an im portan t e co lo g ica l ro le .  Rice (1965) id e n t i f i e d  some o f  the
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p h en o lic  compounds im portant in eco lo g ica l ro le s  e sp e c ia lly  in  th e  
in h ib i t io n  of n i tro g e n -f ix in g  and n i t r i f y in g  b a c te r ia .  Abdul-Wahab 
and Rice (1967) rep o rted  th a t  ch lorogenic a c id  and o th e r p h en o lic  
compounds in h ib ite d  seed germ ination and see d lin g  growth o f most 
sp ec ies  found in  the e a r ly  s tag es  o f  o ld - f ie ld  successio n . Wilson and 
Rice (1968) found th a t  chlorogenic ac id  and iso ch lo ro g en ic  acid  were 
p re se n t in  a l l  e x tra c ts  o f the  various sunflow er organs, and scopo lin  
was p re se n t in  the  le a f  le ac h a te . They a lso  re p o rte d  th a t  H elian thus 
annuus (n a tiv e  v a rie ty )  was a l le lo p a th ic  to  many o f the e a r ly  weeds 
in c lu d in g  some of i t s  own s e e d lin g s . F ie lds a re  abandoned in  c e n tra l  
Oklahoma because o f low f e r t i l i t y  and according  to  r e s u l ts  o f th i s  
in v e s t ig a t io n ,  th is  low f e r t i l i t y  would accen tu a te  production  of 
p heno lics  by th e  m ineral d e f ic ie n t  in h ib i to r  s p e c ie s . I t  i s  p ro b ab le , 
th e re fo re ,  th a t  the  in c re ase  in  phenolics would in c rease  th e  a l l e l o ­
p a th ic  e f fe c ts  o f the  in h ib i to r  sp ec ies  in  th e  f i r s t  s tag e  of 
successio n  and h asten  the  disappearance o f  th e se  p io n eer s p e c ie s .
CHAPTER V
SUMMARY
C oncentrations o f  ch lorogen ic  a c id  in c reased  w ith age in  co n tro l 
leaves of H elian thus annuus and a lso  in  stems up to  th e  fo u rth  week o f  
experim en tation . Scopolin co n cen tra tio n s  in c reased  w ith age in  old  
le av es , remained s ta b le  in  the  stems during  most o f the  experim ental 
tre a tm e n t, and was no t p re sen t in  m easurable amounts in  young leaves or 
in  r o o ts .
Chlorogenic ac id  co n cen tra tio n s  were g en e ra lly  s ig n i f ic a n t ly  h ig h e r 
in  stems and leaves o f  m ineral d e f ic ie n t  p la n ts  than  in  c o n tro ls .
Except fo r  n itro g en  d e f ic ie n t  p la n ts ,  young leaves accumulated g re a te r  
co n cen tra tio n s  o f  ch lo rogen ic  acids th an  old  le av e s . C oncentrations in  
ro o ts  were e r r a t i c  and no d e f in i te  tre n d s  occurred .
Band-510 and neochlorogenic a c id  were p re se n t in  a l l  p la n t t is s u e s  
b u t no t a t  a l l  sam pling tim es. C oncentra tions o f both were g en e ra lly  
h ig h e r in  potassium  d e f ic ie n t  stems ; n itro g en  d e f ic ie n t  old leaves and 
stem s; and s u l f u r  d e f ic ie n t  old le a v e s , young le av e s , and stems than  in  
c o n tro ls . In  a d d itio n , neoch lorogen ic  ac id  was g en e ra lly  h ig h e r in  
potassium  d e f ic ie n t  young leaves th an  in  c o n tro ls . Band-510 was u su a lly  
lower in  co n cen tra tio n  in  n itro g en  d e f ic ie n t  young leaves and ro o ts ,  and 
neochlorogenic a c id  was g en era lly  lower in  potassium  d e f ic ie n t  ro o ts  
than  in  ap p ro p ria te  c o n tro ls .
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The co n cen tra tio n s  o f  scopolin  in c reased  con sid erab ly  in  potassium  
d e f ic ie n t  o ld  le av e s , young leaves and stems during  the l a s t  th ree  
weeks o f trea tm en t over amounts in  ap p ro p ria te  c o n tro ls . In  s u lfu r  
d e f ic ie n t  stems th e  sco p o lin  co ncen tra tion  decreased  with age bu t was 
g en era lly  not s ig n i f ic a n t ly  d if f e r e n t  from the  c o n tro l co n cen tra tio n . 
N itrogen d e fic ien cy  decreased  the con cen tra tio n  o f  sco p o lin  in  stems 
but had no o th e r e f f e c t s .
In g en era l, pronounced changes in  co n cen tra tio n s  o f th e  measured 
phenolics appeared a t  about the  same time as marked d e fic ien cy  symptoms 
except fo r  s u l fu r  d e f ic ie n c y . In the  s u l f u r  d e f ic ie n t  p la n ts ,  s izab le  
changes in  pheno lic  co n cen tra tio n s  occurred considerab ly  b e fo re  
pronounced d e fic ien cy  symptoms appeared.
The in c reased  co n cen tra tio n  o f ch lorogen ic  acids in  sunflow er with 
age and m ineral d e f ic ie n c ie s  probably in c re ase s  th e  a l le lo p a th ic  e ffe c ts  
o f th a t  species in  th e  f i r s t  s tage  o f  o ld - f ie ld  su ccess io n . Such f ie ld s  
are  abandoned from cropping, o f course, because tiiey are so  i n f e r t i l e  
th a t  they are no longer p ro f i ta b le  fo r  c u l t iv a t io n .
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